Thaliacea (Tunicata) are fragile pelagic organisms, switching between sexual and asexual reproduction during their life cycle, occasionally occurring in massive blooms. During these blooms they graze large amounts of phytoplankton and microzooplankton, subsequently providing an enhanced carbon flux into deeper layers by sinking of faeces and dead and moribund animals. Seasonal variations and spatial distributions off the northern Namibian coast were analysed for December 2009, September 2010 and February 2011. Three Doliolida and four Salpida taxa were detected with a decreasing diversity towards the coast. Generally, Thaliacea preferred the upper 200 m of the water column but were also found in the mesopelagic zone. The abundances accounted for <1% of the mesozooplankton in most samples, but blooms with up to 63% were detected at some stations during moderate upwelling conditions. Intense upwelling seems to hamper the development of Thaliacea. During bloom periods, the relative abundance of asexually bred blasto-or gonozooids was highest. First estimates for a salp bloom off Walvis Bay (~11.000 ind. m −2 , 0-200 m) revealed that 25-100% of the daily primary production was consumed during the bloom. Stable isotope analyses suggest a higher trophic level for Thaliacea than for herbivorous copepods.
The solitary asexual stage (oozooid) of Salpida produces an aggregated sexual stage (blastozooid) by budding; subsequently the blastozooid produces the oozooid by sexual fertilization (see Chamisso, 1820; Alldredge and Madin, 1982) . The generation time can be very short, for example Heron (Heron 1972a) reported that Thalia democratica performed both stages within only 48 h. Growth rates of T. democratica resemble those of protozoa with up to 10% of body length in 1 h (Heron, 1972a,b; Deibel, 1982; Benham, 1984, 1985; Le Borgne and Moll, 1986) . Salpida effectively filter large volumes of water, extract particles of sizes between <1 µm (bacteria) and 1 mm (nauplii) (see Henschke et al., 2016) and produce compact faecal pellets with a high sinking rate (Andersen, 1998) . Their biological features and adequate food concentrations (Silver, 1975) enable the development of large blooms with concentrations of >200 zooids m −3 that stretch out over hundreds of square kilometres (Thompson, 1942; Foxton, 1966; Berner, 1967; Brattström, 1972; Wiebe et al., 1979; Le Borgne, 1983; Casareto and Nemoto, 1986; Huntley et al., 1989; Lancraft et al., 1989) and can last from weeks to several months (Berner, 1967; Andersen, 1998) . Die-offs of these swarms as well as the production of compact faecal pellets cause a distinctive carbon input into deeper waters and to the seafloor (Perissinotto and Pakhomov, 1998; Caron et al., 1989; Lebrato et al., 2012; Smith et al., 2014) .
The life cycle of the smaller Doliolida is even more complex and generally consists of four stages: the asexual generation of oozooids (nurses) gives rise to two different sorts of buds that form a temporary colony, namely trophozooids, specialized to feed the colony and phorozooids, which carry away the young stages of gonozooids from the parent oozooid (see Alldredge and Madin, 1982; Paffenhöfer and Gibson, 1999) . The fully grown hermaphroditic gonozooid detaches from the phorozooid and releases eggs and sperm into the water, where the eggs are fertilized and grow to oozooids. Deviations from this general life cycle are known for several species (Borgert, 1894 , Braconnot, 1967 . The life cycle of Dolioletta gegenbauri, as an example, can be completed within 21 days under suitable conditions (20°C and~90 mg C L −1 of ingestible phytoplankton) (Paffenhöfer and Gibson, 1999) . Massive blooms of Doliolida, like Doliolum denticulatum, Doliolina muelleri, D. gegenbauri, can reach up to 4000 zooids m −3 (Gibson and Paffenhöfer, 2002; Paffenhöfer and Köster, 2011) . Takahashi et al. (Takahashi et al., 2015) even detected 5000 zooids m −3 in the Kuroshio region. In contrast to Salpida, Doliolida swarms do not suddenly die after a bloom. These animals are able to live off particulate matter as low as 7 µg C L −1 (Gibson and Paffenhöfer, 2002) . Also their faecal pellets differ from those of Salpida as they are not as compact and sink at a lower rate (Patonai et al., 2011) .
Thaliacea blooms occur occasionally in the northern BUS during moderate upwelling conditions when phytoplankton occurrence is enhanced. These blooms may have the potential to increase the carbon input into deeper waters and might further intensify the outspread of the already existing oxygen minimum zones (OMZs) on the Namibian shelf.
To test the hypothesis that Thaliacea are an important ecological component of the northern BUS we analysed the following issues:
• The spatial distribution and taxonomic composition of Thaliacea.
• Possible correlations of temperature, upwelling events and primary production (chlorophyll a) with the distribution and abundance of Thaliacea.
• The composition of life stages during blooms compared to non-bloom periods.
• The position of Thaliacea in the food web using δ 13 C and δ 15 N analysis.
• The bloom-induced carbon export into deeper waters.
M E T H O D Study area
The BUS is one of the most productive upwelling systems of the world. It is located off the west coast of southern Africa ( Fig. 1) , bordering Angola, Namibia and South Africa. The productivity of the system is driven by strong alongshore trade winds and upwelling of cold, nutrientrich water into the euphotic zone. The estimated annual primary production ranges from 400 to 900 g C m −2 a −1 (Brown et al., 1991; Carr, 2002; Heileman and O'Toole, 2008; Monteiro, 2010) to 3000 g C m −2 a −1 (Lachkar and Gruber, 2011) , which makes the system 30-65 times more productive per unit area than the world's oceans (Mann and Lazier, 2006) . The BUS is traditionally divided into a northern and a southern subsystem (Shannon, 1985; van der Lingen et al., 2006) . The northern BUS is located between the Angola-Benguela Front (14 to 16°S) and the Lüderitz upwelling cell at 27°S (Agenbag and Shannon, 1988) and is influenced by two dominant water masses: the nutrient-rich and oxygen-depleted South Atlantic Central Water (SACW), intruding from the Angola Gyre in the north and the nutrient-poorer and well oxygenated Eastern South Atlantic Central Water (ESACW), flowing in from the Cape Basin in the south (Mohrholz et al., 2008) .
The inflow of oxygen-depleted SACW as well as oxygen reduction due to decomposition of organic material (Chapman and Shannon, 1985) and denitrification (Perry et al., 1993) give rise to frequently occurring OMZs (Hamukuaya et al., 1998) . The OMZs are found on the shelf and at the shelf break down to 300 m (Hart and Currie, 1960) and can cover up to 50% of the shelf (Brüchert et al., 2006) .
Expeditions
Mesozooplankton samples were taken during three cruises in the Namibian upwelling region in the course of the GENUS project (Geochemistry and Ecology of the Namibian Upwelling System). 
Environmental data
A CTD (SBE 911) was used to measure temperature, conductivity and oxygen down to 1500 m depth or 5 m above bottom at shallower stations prior to each net sampling. The vertical resolution of 5 cm was averaged for 1 m depth intervals. After post processing the data, the residual error for temperature was ± 0.002 C.
Remotely sensed data
Upwelling of cold and nutrient-rich water into the euphotic zone increases primary production and phytoplankton biomass. Surface chlorophyll a concentrations (Chl a), which we used as a proxy of phytoplankton biomass, can be observed by satellites. Remotely sensed surface Chl a (mg m ) was obtained from MODIS (Moderate-resolution Imaging Spectroradiometer) Level-3 products (data source: http://oceancolor.gsfc.nasa.gov/, Feldman and McClain, 2012) . Concentrations with a spatial resolution of 4 km were averaged for 14 days prior to each haul. At several locations data could not be obtained or were sparse due to cloud cover.
Mesozooplankton sampling
We investigated two onshore-offshore transects at 23°S (Walvis Bay) and 19°S (Rocky Point) which were sampled on all three cruises above the shelf, shelfbreak, slope and at offshore stations at total water depths of <250, 250-500, 500-1500 and >1500 m, respectively (Fig. 1, Supplementary data , Table SI) .
Oblique hauls were taken with a 1 m 2 -Double-MOCNESS (D-MOC) in 2010 and 2011, a gear equipped with 2 × 9 nets (330 µm mesh size) side by side, which can be opened and closed at defined depths. If parallel sampling was performed, as was the case for most of the hauls, only the left nets were used for taxonomical analyses. A 1 m 2 MOCNESS (MOC) with 9 nets (Wiebe et al., 1985) , the single version of the D-MOC, was used in 2009.
Both systems were equipped with depth sensors. The filtered volume of each net was determined by a flowmetre. Veering and heaving speed of the winch was 0.5 m s After heaving the gear on board, samples were rinsed with seawater and preserved in a formaldehydeseawater solution (4%) buffered with sodium-tetraborate for taxonomic analyses. For subsequent isotope analyses, samples of parallel hauls as well as additional samples from a driftnet and a WP-2 net used in December 2009 and September 2010 were rinsed with fresh water and deep-frozen at −20°C. The WP-2 net (0.25 m 2 ) had a mesh size of 300 μm and was towed vertically from 50 m depth to the surface. The driftnet, mesh size 30 μm, was released down to~2 m below sea-surface and then dislodged by the current. The samples of both nets were rinsed in fresh water and deep-frozen at −80°C.
Calculation of abundance, diversity, life stages, DW and carbon content
In the home laboratory, the formalin-fixed MOCNESSsamples were sieved into five size classes (>5, 2-5, 1-2, 0.5-1 and <0.5 mm). The animals were determined to taxonomical groups and counted. Thaliacea from 10 hauls from the Walvis Bay and 1 haul from the Rocky Point transect were counted and identified to species and stage. The taxonomicl analyses were carried out according to Boltovsky (Boltovskoy, 1999) , Gibbons (Gibbons, 1999) and Bone (Bone, 1998) . For the calculation of abundances and standing stocks, the fractions were summed up. Concentrations of total mesozooplankton and Thaliacea were standardized by dividing the counted individuals by the sampled water volume (ind m ). The vertically integrated standing stocks of mesozooplankton were assessed for the shelf, shelf-break, slope and oceanic waters (0-max. 1000 m depth) for the different sampling periods. Boxplots were constructed to illustrate the distribution of Thaliacea in the water column during different times of day and sampling periods. To study the different composition of life stages, we compared two stations containing >50% Thaliacea with stations containing <15% Thaliacea of the total mesozooplankton standing stock.
The dry weights (DWs) of Salpa fusiformis (n = 6351), sampled during a bloom in early summer (Africana 258, MOC-1-9 and MOC-1-10) and of Dolioletta sp. (n = 396), sampled during a bloom in late summer (MSM 17/3, MOC-D-16), were determined and the mean of each size class was calculated. For Africana 258 (MOC-1-9) and MSM 17/3 (MOC-D-16) the numbers of individuals of each size class were multiplied with the mean DW of the individuals of this size class. The calculated DW was converted to carbon by using the averaged percentage of carbon content in a sample which was measured during the stable isotope analyses of the species.
Stable isotope analyses
For the analyses of δ 13 C and δ 15 N stable isotopes, frozen samples were defrosted in the laboratory, taxonomically analysed for the cruise in December 2009 to the taxon Thaliacea, for the cruises in September 2010 and February 2011 to genus/species level, and freeze-dried at −40°C for at least 24 h. Afterwards, the dried samples were pulverized using pestle and mortar. Stable isotope analyses and measurements of nitrogen and carbon concentration were performed simultaneously with a THERMO/Finnigan MAT V isotope ratio mass spectrometer, coupled to a THERMO Flash EA 1112 elemental analyzer via a THERMO/Finnigan Conflo III-interface in the stable isotope laboratory of the Museum für Naturkunde, Berlin. Stable isotope ratios were expressed in the conventional delta notation (δ 13 C/δ 15 N) relative to atmospheric nitrogen (Mariotti, 1983) and Vienna PeeDee Belemnite standard: N values of suspended particulate organic matter (POM sus ), which was concomitantly sampled, were used as a baseline for trophic level (TL) calculations (see Koppelmann et al., 2013 Koppelmann et al., , 2014 .
R E S U L T S Environmental data
The CTD measurements of temperature during the three cruises showed a clear seasonal pattern with highest sea surface temperatures (SSTs) in Table I ). In more detail, temperatures were generally >20°C in February 2011, except for a narrow band along the coast with temperatures ranging from 15 to 20°C, and <20°C in September 2010, decreasing to 14°C at the coast. SSTs increased from 14°C at the coast to >20°C at most of the offshore stations in December 2009 (Fig. 2, Table I ).
Remotely sensed Chl a concentrations
The surface Chl a concentrations of the northern BUS, averaged over a period of 14 days before sampling during the different cruises, do not reflect the seasonality of the SSTs. Chl a concentrations revealed a maximum of 5-30 mg m −3 nearshore and decreased to <1 mg m −3 at a distance of 200-300 km off the coast (Fig. 3) .
Chl a concentrations at the southern stations were slightly higher before the cruises in December 2009 and September 2010 compared to the northern transect (Fig. 3) .
In September 2010 remote sensing was either hindered completely by clouds or only single values were obtained. At one Walvis Bay shelf station 4.5 mg m −3
Chl a was detected, on the Rocky Point transect values ranged between 0.9 and 2.2 mg m −3 . In December 2009, Chl a was 2.8 mg m −3 on the shelf of Rocky Point and 2.2 mg m −3 on the shelf of Walvis Bay. Concentrations of 1 mg m −3 were observed at the shelfbreak and slope stations of both transects (Table I) Abundance, diversity, life stages, DW and carbon content Thaliacea and total mesozooplankton abundance During all sampling periods and on both transects Thaliacea occurred in the entire sampled water column, but resided predominantly in the upper 200 m independent of daytime (Fig. 4) . Based on this general distribution pattern and for comparison of inshore and offshore hauls, we calculated the standing stocks of bulkmesozooplankton and of Thaliacea in the upper 200 m of the water column. The abundances of Thaliacea were very variable between the sampling sites and did not increase or decrease with mesozooplankton abundance. The only exception was the Doliolida bloom in February 2011 at the Rocky Point shelf site, when both Thaliacea and mesozooplankton occurred in elevated abundances. Thaliacea accounted for <1% of the mesozooplankton standing stock in the upper 200 m in twothirds of the samples (Table I) . In this study, we define a moderate bloom as a situation where Thaliacea make up for 15-50% of the mesozooplankton standing stock, while more than half of the mesozooplankton consists of Thaliacea during an intense bloom (note that a significant fraction of mesozooplankton, e.g. small copepods and copepodid stages, was not caught by the 330 µm nets, while most thaliacean stages were sampled quantitatively). Thaliacea standing stocks comprising <15% of the total mesozooplankton are defined as nonbloom conditions. According to this classification, a moderate bloom was detected at the Rocky Point shelfbreak station in early summer 2009 (37%), intense blooms at the Walvis Bay shelf-break station (52%) in early summer 2009 and at the Rocky Point shelf station (63%) in late summer 2011 (Table I) .
Diversity
During this study, three Doliolida and four Salpida taxa were detected (Table II) (Table II) .
Composition of Thaliacea life stages during bloom and nonbloom periods
In early summer 2009, S. fusiformis dominated the Thaliacean community at both stations (bloom: Walvis Bay shelf-break; non-bloom: Walvis Bay outer shelf). During bloom conditions only blastozooids generated by budding were sampled, whereas a small fraction (3.6%) of the solitary asexual oozooids was found at the nonbloom station, also (Fig. 5) . In late summer 2011, the bloom at the Rocky Point shelf consisted mainly of Dolioletta sp. Besides gonozooids, 2.3% of nurses of this species appeared in the samples. At the Walvis Bay oceanic station, only nurses of Dolioletta sp. were detected (Fig. 5 ).
DW and carbon content
The 
D I S C U S S I O N Abundance and distribution
We found the most common taxa of Thaliacea described for the region, (see Esnal and Daponte, 1999a,b; Gibbons, 1999) during our investigations at almost every station sampled between the oceanic realm and the shelf (S. fusiformis, T. democratica, R. retracta, I. zonaria, Doliolina sp., Dolioletta sp., Doliolum sp.). It has been reported that the distribution of Thaliacea is patchy (Paffenhöfer and Lee, 1987; Deibel and Paffenhöfer, 2009 ) and the prediction of blooms is difficult (Lavaniegos and Ohmann, 2003; Licandro et al., 2006; Henschke et al., 2014; Stone and Steinberg, 2014) . During bloom events, we measured maximum concentrations of 2378 ind. m −3 for Dolioletta sp. and 372 ind. m
for S. fusiformis which is within the range reported by Deibel and Paffenhöfer (Deibel and Paffenhöfer, 2009) and Stone and Steinberg (Stone and Steinberg, 2014) for blooms in other regions, such as the North Atlantic Subtropical Gyre, the South Atlantic Bight (SAB), the California and Ivory Coasts and the Mediterrenean Sea. Deibel (Deibel, 1985) , Paffenhöfer and Lee (Paffenhöfer and Lee, 1987) , Huskin et al. (Huskin et al., 2003) and Deibel and Paffenhöfer (Deibel and Paffenhöfer, 2009) reported that fast asexual reproduction is performed during blooms. Indeed, we recognized a distinctive dominance of the asexually reproduced blastozooids and gonozooids during the bloom periods investigated. Similar ratios were described by van Zyl (van Zyl, 1960) for T. democratica off St. Helena Bay in the Southern Benguela region. In our study, specimens of Doliolida were sampled at all times. S. fusiformis, however, seemed to prefer colder water and was absent in February 2011 when the water temperature exceeded 20°C. Other salp species were found under warmer conditions in early summer 2009 and late summer 2011 and in late winter 2010 at the warmer oceanic station. Deibel and Paffenhöfer (Deibel and Paffenhöfer, 2009) reported from a 30 year timeseries in the SAB that T. democratica as well as D. gegenbauri formed patches closely associated with intrusions of cold (<19°C) and nutrient-rich water during local shelf-break upwelling events. These upwelling events associated with western boundary currents, however, act differently and on smaller scales and are less intense than in eastern boundary current upwelling systems (see Chavez and Messié, 2009 and Liu et al., 2010) .
Concentrations (ind. m −3
) were generally lower above the shelf compared to stations farther off the coast, with one exception in February 2011 above the Rocky Point shelf, where we detected a bloom of Dolioletta sp., representing the highest abundance in our investigations.
This site is a mixing zone of ESACW and SACW (see Fennel et al. 2012 ) and the front may have been fostering the progeny of the animals. Huskin et al. (Huskin et al., 2003) also reported elevated concentrations of Salpida associated with fronts. Abundances of Thaliacea were remarkably low in September at all stations despite intense upwelling with temperatures <16°C, indicating that high particle loads on the shelf during upwelling might hamper the development of Salpida due to clogging of the filtration apparatus (Harbison and Gilmer, 1976) , while Doliolida can cope with higher particle densities (Paffenhöfer and Lee, 1987) . This suggestion is supported by investigations of the phytoplankton composition in relation to an upwelling plume on a crossshore transects off Walvis Bay in August and September 2011 by Hansen et al. (Hansen et al., 2014) . The authors described a mixed population of dinoflagellates, coccolithophores and microflagellates in newly upwelled waters close to the coast, whereas diatoms dominated the matured waters 40-250 km off the coast and dinoflagellates became dominant in water older than 55 days after an upwelling event. This could mean that even though near-coast upwelled waters may contain the optimal food size for Thaliacea, they can only benefit from this advantage in quiescent periods, i.e. in the  summer months, if temperatures are not too low and mixing is not too strong.
Trophic relationships
Carbon stable isotopes provide information about the source of the diet, whereas the TL of animals can be assessed by nitrogen stable isotopes (see Michener and Lajtha, 2007 (Koppelmann et al. , 2014 . Whereas Thaliacea were in the same range as POM sus in December 2009, values for Thaliacea were~2‰ higher in September 2009 and even 2-5‰ higher in February 2011 off Walvis Bay (Fig. 6) . The TL relative to POM sus can be calculated using the following formula assuming a trophic enrichment between TLs of 3.4‰ (Hobson and Welch, 1992 ):
This calculation indicates a TL of 1.2-2.2 relative to POM sus for Thaliacea, being then in the same range as Pteropoda but lower than Cnidaria (Koppelmann et al., 2014) and Chaetognatha (Bohata and Koppelmann, 2013) during the periods investigated (Fig. 7) . Also Bănaru et al. (Bănaru et al., 2014) detected lowest δ 15 N for Salpida and Pteropoda in a Mediterranean food web study. Schukat et al. (Schukat et al., 2014) measured stable carbon and nitrogen isotope values of different zooplankton taxa off northern Namibia in December 2009 using phytoplankton with a δ 15 N of 1.2‰ as a baseline which resulted iñ 1.5 higher TLs as in our study. To facilitate a comparison, data published by Schukat et al. (Schukat et al., 2014) were adapted to a POM sus -baseline (Fig. 7) . Thaliacea of both studies are now at the same TL. Although Thaliacea live on a lower trohic level than carnivorous species like Cnidaria, Amphipoda, Chaetognatha and fishes (Merluccius capensis and Thyrsites atun), their trophic position is above the lowest value for herbivorous Copepoda (in this case the primary consumer Nannocalanus minor). We assume that the principal food source for Thaliacea might be phytoplankton and microzooplankton, which is more frequently found in quiescent periods during the summer months. This assumption is supported by stomach content analyses on several individuals of Salpidae, which revealed tintinnids among others as gut contents (Koppelmann, unpublished data) .
Ecological consequences
Blooms of Thaliacea locally influence the ecosystem significantly and are capable of removing an important amount of the primary production (Bathmann, 1988; Perissinotto and Pakhomov, 1998; Steinberg, 2014, 2016 ) leaving a "blue ocean" behind. These animals can be considered as the "locusts of the sea". During blooms, Salpida produce large amounts of relatively fast sinking faecal pellets (Madin, 1982; Morris et al., 1988; Ramaswamy and Rengarajan, 2005; Deibel and Paffenhöfer, 2009) , which can contribute considerably to carbon export from the epipelagic zone into deeper layers. Stone and Steinberg (Stone and Steinberg, 2016) calculated for the Bermuda Atlantic Time Series sampling site that on annual average 78% of salpmediated carbon export came from faecal pellets and 3% from carcasses. Applying this ratio for the S. fusiformis bloom (835 mg C m −2 ) detected on the Walvis Bay transect in December 2009, at least 21710 mg C m −2 in faeces were exported into greater depths as a general estimate. Assuming further, that this bloom lasted 20-30 days (see Deibel and Paffenhöfer, 2009; Paffenhöfer, 2013; Henschke et al., 2014) , the daily export rate ranged between 724 and 1086 mg C m
. Barlow et al. (Barlow et al., 2009 ) measured a primary production of 1100-4500 mg C m −2 d −1 on the shelf off Walvis Bay in February/March 2002. Assuming a similar production rate occurred during the sampling period studied, 25-100% of the daily primary production was consumed by S. fusiformis off Walvis Bay. Although the calculations are based on several assumptions, the calculated effect of salp grazing is consistent with Zeldis et al. (Zeldis et al., 1995) , who stated that salp grazing can reduce the phytoplankton biomass but, in contrast to slope and oceanic zones, do not completely remove it in coastal regions.
Smith et al. (Smith et al., 2014 ) measured a doubling of sediment community oxygen consumption at 4000 m depth in the northeast Pacific following a salp bloom. Due to the fast sinking speed and consistence of the faeces (Silver and Bruland, 1981; Madin, 1982; Henschke et al., 2013) , most of the oxygen consuming degradation takes place at the sea-bottom. On the Namibian shelf, especially under the influence of the poorly oxygenated SACW, the input of the faecal pellets as well as the dieoff of blooms do not only provide a notable input of food but also might reduce the already critical oxygen values in this region and affect the composition and fate of the benthic community.
C O N C L U S I O N
Thaliacea belong to the "dark side of ecology" (Vereshchaka et al., 2016) since occurrence and outbreaks are difficult to predict (Deibel and Paffenhöfer, 2009 ). Nevertheless, they can be permanently found in different regimes and are also common in upwelling regions. Our study showed that Thaliacea were almost always present off northern Namibia and some of the taxa develop into blooms under suitable conditions. During blooms these lower TL animals contribute significantly to the carbon flux into deeper zones (see also the review by Henschke et al., 2016) and consequently remove the food source for other planktonic animals. At the same time, they provide food for benthic organisms and reduce the already seasonally depleted oxygen on the Namibian shelf. Despite their importance for the ecosystem, they are not adequately considered in ecosystem models. This study provides some basic information to implement these organisms in ecosystem models to close some gaps in knowledge regarding the biological carbon pump. 
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